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THE EFFECT OF ENTRANCE MACH NUMBER AND I.IP SHAPE
ON THE SUBSONIC CHARACTERISTICS OF A
SCOOP-TYPE AIR—INDUCTION SYSTEM
FOR A SUPERSONIC ATRFTANE

By Curt A. Holzhsuser
SUMMARY _ : -

An experimental Investigatlon was conducted at subsonic speeds to
ascertain the effects of lip shape end entrance Mach number on the
characteristics of a scoop—type alr—induction system designed for an
airplane which would fly at supersonic speeds.

The effects of 1llp shape and entrance Mach number on the ram—
recovery ratio at the similated compressor inlet and on the static
pressures on the duct surfaces were investigeted for entrance Mach
nunbers from O to choking for free—stream Mach numbers from 0.08 to
0.33 with the model at 0° angle of atteck. Measurements of ram—
recovery retio at the similated compressor inlet were masde for the
intake with a sharp lip and for the inteke with a rounded lip for an
angle—of—attack range of —15° to 15° for several mass—flow ratios and
several free—stream Mach numbers. The drag of the forward portion of
the fuselage with the intekes having sharp lips was compared with that
of the sams portion of the fuselage with the intakes having roumded
lips. This comparison was made for & mass—flow—ratio range of 0 to 2.2
for a free—stream Mach number of 0.2k,

At the higher mass—flow ratios the ram—recovery ratio of the
intake with the rounded 1lip was greater than that of the intake with
the sharp lip. At & constant mass—flow ratio when the air flow was
separated from the duct, the ram—recovery ratio decreased with
increasing entrance Mach number, and the internsl flow choked at &
lower entrance Mach number than was predicted from one—dimensional
isentropic—flow relationships. The variation of ram—recovery ratio
with angle of attack was less for the intake with the rounded 1ip than
for the intake with the sharp llp.
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For s mass—flow ratlo of 0.8 and above, the drag coefficlents of
the forward portion of the fuselage wlth the Intakes having elther the
rounded lips or the sharp lips were less than the drag coefficient of
the forward portion of the faired fuselage.

INTRODUCTION

A twin—scoop alr—induction system which was moderately satlis—
factory at supersonic speeds was developed in the Ames 8— by 8—inch
supersonic wind tumnel. The intakes of this installation had sharp
leading edges, and they were downstream from the apex of the oglval
nose a distance of five forebody diameters. The tests at supersonic
speeds (reference 1) iIndicated minimum total-pressure losses that were
approximately equal to those through & normal shock wgve at the test
Mzch numbers of 1.36 to 2.01. An investigation of a similar instal—
lation at low subsonlc speeds (reference 2) showed that the ram—
recovery ratlo, measured at the minimum-erea station, was above 0.95
for mass—flow ratiocs below 1l.2. However, above a mass—flow ratio of
1.2, the ramsrecovery ratio decreased rapldly. Since an airplane
utilizing the sir—inductlion system under consideration would be oper—
ating at a mass—flow ratic above 2.0 during take—off and climb, this
installatlion would probably be unsatisfactory because of the low ram—
recovery ratios at these high mass—flow ratios.

The present investigation was _therefore umdertaken to compare the
ram-recovery ratio and the drag of a superscnic—type intake (sharp lip)}
with that of a subsonic—type intake (rounded 1lip) at low subsonic
speeds. The effect of entrance Mach nurber on the ram—recovery ratio
of the installation with sharp lips and with rounded lilps was studied
for subsonic entrance Mach numbers with the model at several angles of
attack.

NOTATION
a . gepeed of sound, feet per second
A crosg—sectional area of duct, square feet
ca' point wake drag coefficlent
cq section weke drag coefficilent
Cp ‘wake drag coefficient based on frontal area of fuselage

at duct statlon 1
«SONRIREE k.
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R 4 = <

duct depth, feet

frontal area of fuselage with intakes having sharp lips,
measured at duct station 1

gravitational constant, 32.2 feet per second per second

total pressure, pounds per square foot

P1A1V1 )

mass—flow ratio ( —
PoliVo

v
free—stream Mach mmiber < 33)
o

entrance Mach number, based on the duct area 1 Inch behlnd

the leading edge of the lip( )
a;P1A1 g

static pressurs, pounds per square foot

static—pressure coefficient < o)
95

dynemic pressure (%pvz) s pounds per square foot

velocity of the air stream, feet per second
weight rate of air flow (pAVg), pounds per second
perpendicular distance from surface, feet

angle of attack measured in the vertical plane of symmetry
(plane containing center lines of both ducts), degrees

boundary—iayer thickness to where the veloclity in the
boundary layer 1s 0.99 of the local wvelocity outside
of the boundary layer, feet

) Hz'_ES
diffuser efficiency - =

mags density of the alr, slugs per cubic. foot
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Subscripts
o free stream
. 1l inch downstream of duct sgtation 1
2 : duct station 2 (minlmum-eres station)
s duct station 3 (compressor—inlet station)
m weighted according to mass flow
a welghted according to area

DESCRIFTION OF MODEY. AND AFPPARATUS

The proportions of the model were selected to represent an air—
plene designed for a flight Mach number of 1.7 at an altitude of
28,000 feet using two axial—flow turbojet engines each developing
6000 pounds of static thrust at sea level. The design considerations
for the fuselage and alr—induction system are discussed in referemce 2.

Figure 1 is & photograph of the model in ane of the Ames T— by 10—
foot wind tummels. The Intakes were on the top and bottom of the model.
A schematic drawing showing the general arrangement of the model is
glven in flgure 2. Filgure 3 presents the cross—sectional shapes and
the duct areas at duect stations 1, 2, and 3 for the upper half of the
fuselage with the Intake having a sharp lip. The intakes with the
rounded lips had the same cross sections at duct stations 2 and 3. How—
ever, at duct station 1 the cross sections differéd in the lip
thicknesses and ramp widths. (See fig. 4.) The minimm cross—
sectional area of the duct was at duct station 2; the ratic of the duct
area at this station to that at the station 1 inch ddwpstream of duct
station 1 was 0.938. ' '

Figure 4 shows the contours and gives the coordinates of the three
lip shapes that were tested. The intake with the sgharp leading edge
had the same coordinates as the intake tested previously (reference 2).
However, the lip of the latter intake had & slightly larger leading—
edge radius than that of the lip in the present test, and it 4id not
flex as much &t the higher mass—flow ratios. The shapes of the thick
and the thin rounded lips were based on & profile found to be satis—
factory for submerged intake operation in the research reported in
reference 3. . Figures 5(a) and 5(b) are photographs of one of the
intakes with a sharp leading edge and of ane of the intakes with a
thick, rounded leeding edge, respectively.

OISR
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The model was moumted on an 8—inch-diameter pipe (fig. 1). The
alr flow through the model was controlled by a variable—speed centrifu—
gal blower. The quantity of alr flow was measured by a standard ASME
orifice meter. s

Measurements of the total pressure and static pressure at the
minimm-area station (duct station 2) were mede for the intake having
a sharp leading edge. These measurements were made with a total—
pressure tube and a static—pressure tube, which were moved in the
vertical plane of symmetry. Seventy—six fgfal-pressure tubes and
eight static-pressure. tubes were used to measure the total-pressure
losses and the static—pressure distribution at the simileted compressor
inlet (duct station 3). The latter array of tubes was attached to the
similated accessory housing of & turbojet engine.

Flush orifices in the duct floor and duct roof of the instal~
lations with the sharp lip and the thlck, rounded 1lp were used to
indicate the statlc pressures on the duct surfaces In the vertical
plane of symmetry. Statlic pressures were also measured on the outer
surface of the thick, rounded lip in a similiar manner. The location
of all the flush orifices are listed in table I. !

The wake drag coefficient of the forward portion of the faired
fuselage (the fuselage with the intakes sealed and faired as shown in
fig. 6), the wake drag coefficient of the forward portion of the fuse—
lage wlth Intakes having sharp leading edges, and the wake drag
coefficlent of the same portion of the fuselage with the intakes having
thick, rounded leading edges were computed from pressures measured with
an array of rakes projecting from the external surface of the fuselsge
at fuselege station 82. This array of rakes, which encompassed more
than one—fourth of the perimeter of the fuselasge, is shown in
figure 7(a). This array was comprised of 17 rekes of 10 total-pressure
tubes and 8 rakes of 3 static—pressure tubes. Each rake was perpen—
dicular to the fuselage surface, and the rakes were equally spaced along
the perimeter of the fukelage. Plates like the one shown in figure T(b)
were Iinstalled on hoth sldes of the fuselage to simnlete an lmage plane.
This image plene was used to asceritain whether the drag measured by the
Installaetion was affected by the change in externmrel alr flow resulting
from blocking the bottom duct at the compressor statlom. A1l the total—
pressure tubes, static—pressure tubes, and surface orifices were
connected to water—in-glass or mercury—in—glass muitiple-tube menomsters.
The distributlons of pressure indicated on these menometers were recorded

photographically.
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TESTS -

It was reported previously (reference 2) that measurements of ram—
recovery ratio and surface statlc pressures of the top intake and duct
of the scoop=type alr—induction system tested were wwmaffected by the
alr-flow changes resulting from the lower duct being blocked at the
compressor station. Therefore, all measurements of ram-recovery ratio
and surface static pressures were made using the top duct with the
bottom duct blocked at the compressor statiom.

The ram—recovery ratio at the compressor inlet and the distribution
of the pressure ratio, p/Ho, with the various Intakes were obtained
while the internal flow was varied from O to choking. The angle of
attack was varied from -15° to 15°. The free—stream Mach number ranged
from 0.08 to 0.33.which corresponded to Reynolds numbers of 580,000 to
2,230,000 per foot of length. The ramrecovery ratic was also measured
&t the minimim-area station in the vertical plane of symmetry of the
intake wlth the sharp lip for free—stream Mach numbers of 0.17 and 0.27
for seversl mass—flow ratlos. The tubes used to make these measurements
were removed from the duct whenever they were not belng used.

External total-pressure and static—pressure measurements were made
at fuselsge station 82 with the falred fuselage for a free—stream Mach
nunber of 0.24 and an angle of attack of 0°. These measurements also
wore made for the fuselage with the iIntakes having sharp lips and for
the fuselage with the intakes having thick, rounded lips for mass—flow
ratios from O to 2.2 with the bottom duct blocked at the compressor
inlet and without the splitter plate Installed on the fuselage. The
data taken with and without the splitter plate shown in figure T(b)
indicated that the pressure measurements om the upper porition of the
fuselage were unaffected by the extermal alr—flow chapges resulting
from the bottom duct being blocked at the compressor statiom.

RESULTS

Ram-Recovery Ratio -

Presented in figure 8 is the variation of ram-recovery ratio, at
the compressor Inlet, with mass—flow ratio for the intakes with the
sharp 1lip, the thin, rounded lilp and the thick, rounded 1lip of the test
reported herein for a free—stream Mach number of 0.17 with the model at
0° angle of attack. The variation of the ram-recovery ratic with mass—
flow ratio of the intake with the sharp lip tested in reference 2 is
also presented. The dotted curve in this figure represents the ram—
recovery ratio computed for the scoops tested with a pegligible entrance
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loss and a diffuser efficiency of 0.92. The equatlon for this curve is
derived in the appendix. The ram—recovery ratlo with the thick,
rounded 11p was greater than with the thin, rounded 1ip at the higher
mass—flow ratlos; therefore, only two 1lip shapes are compared In the
remainder of the section cantaining results, the sharp lip and the
thick, rounded 1lip. The latter lip will henceforth be referred to as
the rounded or subsonic—type lip.

All values of entrance Mach number and mass—flow ratio presented
In thls report are average values computed from the welght raete of ailr
flow, and based on the area of the duct 1 Inch behind the leading edge
of the intake.

The effect of entrance Mach number on the ram-recovery ratio of
the. inteke with the sharp lip and the intake with the roumded lip is
shown in figure 9. The effect of entrance Mach number on the variation
of ram—recovery ratio with angle of attack is shown in figure 10 for
the intakes wlth both 1lip shepes for several mass—flow ratios.

The ramrecovery ratlos plotted in figures 8, 9, and 10 were
computed by welghting the total pressure indicated by each tube
according to the area apportioned to it. Another method for averaging
ram-recovery ratio 1s to weight the total-—pressure readling of each tube
according to the mass of air flowing through the area epportioned to
that tube (reference 3). The effect of mass—flow ratio on the differ—
ence between the ram-recovery ratios computed by these two methods is
shown in figure 11{m) Ffor the intake with the sharp leading edge used
in the test reported in reference 2. The effect of entrance Mach
nunber on this difference in ram-recovery ratio is shown in figure 11(b)
for the sharp lip and the rounded 1ip of the present investigation at
a mass—flow retlo of approximately 1.6.

The distribution of ramrecovery ratioc in the plane of symmetry
of the minimm-area station for the inteke with the sharp 1lip is glven
in figure 12 for several mass—flow ratios for free—stream Mach numbers
of 0.17 and 0.27. The distribution of ram—=recovery ratio at the com—
pressor irlet 1s shown in figure 13 for the 1ntakes with both 1lip
shapes for a free—stream Mach number of 0.17 and 0.33 and for mess—Ffliow
ratios approaching internal choking.

Statlc—FPressure Distribution

The surfaces slong which the static pressures were measured are
indicated by heavy lines on cross—sectional diagrams of the model in
figures 14 and 15. The distributions of the pressure ratio, p/Hg,
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on these surfaces are presented in figures 14 and 15, respectively, -
for various mass—flow ratios and several free—stream Mach numbers.

The distribution of static—pressure coefficient, P, on the outer
surface of the rounded 1lip 1s shown in figure 16 for several mass—flow
retios and a free—stream Mach number of 0.17.

The computed relation between the static—pressure coefficilent, P,
and the pressure ratio, p/Ho, is given in figure 17 for several free—
stream Mach numbers.

Drag

The weke drag coefficients of .the portion of the faired fuselage
forward of station.B82 and of the same portions of the fuselages with
the subsonic— and the supersonic—type intekes are shown in figure 18.
A polnt wake drag coefficlent, c3', was computed by the method dis—
cussed .in reference 4 from the local momentum defect in the flow at
each total-pressure tube at station 82. This point—drag ccefficient
wes then Integrated across the wake for each rake with the resulting

velue & section wake drag coefficiemt, cq = %.i,cd' dy, for esch rake.

In thls equation X 1is a reference width of 1 foot. An arithmetic
sumation of the sectian wake drag coefficlents for the entire fuselage
at station 82 was made and referenced to the frontal ares, F, at duct
station 1 of the fuselage with the intakes having sharp lips

(F = 1.05 sq ft). The resulting value represents the wake drag coef—
ficient for the forward portion of the fuselage. The distributions of
section wake drag coefficient are shown in figure 19 for the faired
fuselage, for the fuselage with the intakes having sharp lips, and for
the fuselage with the intakes having rounded lips.  The data are
presented for mass—flow ratios of 0.k, 0.6, and 1.0 for a free—stream
Mach number of 0.24, with the model at 0° angle of attack.

DISCUSSION

RamRecovery Ratio

It 1s belleved that the large differences between the ram-recovery
ratio of the intakes with the various 1lips and that of the theoretical
curve shown In figure 8 are the result of separation of the air flow
from the imner surface of the intake. Since the effect of a change in
mags~flow ratlo on the flow around the lip of an intake 1s comparable
to the effect of a change in angle of attack on the air flow over an

SN
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airfoil (see accompanying sketch),
it is seen that separation of the

air flow can occur from the inmer higy g

surfaces of the intakes tested as’ Ej

the mass—flow ratio is increased. \

The difference between the ram— — [
recovery ratios of the intakes //&‘"

with the sharp lips was probebly 1o¥ Bo

caused by the change in flow

resulting from the different : /—7 7 /77
lesding—edge radii and from the

flexure of the sharper lip. The

remainder of the discussion will pertain to the Intaekes with the

sherper lip and the thick, rounded 1ip.

When the entrance Mach numbsr was below 0.5, the total-pressure
losses 1In the vicinity of the duct floor were approximately the seme
es those in the vicinlty of the duct roof at the minimmearea station
of the duct wilth the sharp lip (fig_. 12). However, when the entrence
Mach number approached the value for choking to occur Iin the duct, the
losses near the duct floor were greater than those near the duct lip.
These higher losses in the vicinlty of the duct floor apparently did
not exist with the intake having a rounded 1lip slnce the ram-recovery
ratio at the compreassor inlet of thls inteke approximated the idesl
ram-recovery ratio shown in figure 8.

Since the ram—recovery ratlio of the inteke with the sharp leading
edge deviated from the ideal values at mass—flow ratios sabove 1.0
(fig. 8), the air flow probably separated from the surface of the duct.
For these mass—flow ratics the ramrecovery ratioc decreased with in—
creasing entrance Mach number (fig. 9(a)). For mass—Fflow ratios below
1.0 the effect of entrance Mach number on the ram-recovery ratio was
small. At a mass—flow ratio of 1.6 the internal flow choked at an
entrance Mach number of 0.62. As the mass—flow ratio was increased to
2.1 by decreasing the free—stream Mach nunber, the effective minimum
cross—sectional area of the duct was probsbly further reduced by in—
creased air—flow separatlion, and the flow choked at an entrance Mach
number of 0.58. Since the ram—recovery ratic of the intake with the
rounded lip spproximated the 1deal values, the alr Lflow probebly did
not separate from this duct; and the effect of entrance Mach number on
the ram-recovery ratlio was small within the Mach-number range for which
the date are presented (fig. 9(b))}). The entrance Mach number for
choking in this intake was approximately 0.73 for all the mass—flow
ratios shown in figure 9(b). For the area ratio of the imstallation
tested, the entrance Mach number for internel choking would be 0.7k if
the entering boundary layer were negligible and 1f the flow were one—
dimensional isentropic (reference 5).
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The high total-pressure losses at high mass—flow ratioé mey be
evolded by the use of asuxiliary dir inlets which operate only when
large sir-flow quentities are required at low forward speeds.

In figure 10, 1t is seen that the variation of ramrecovery ratio
with angle of attack was smaller for the rounded lip then for the sharp
1lip. In reference 2 it was shown that for the top inteke of the scoop—
type installation with the sharp 1lip the varietion of ram-recovery
ratio with angle of attack was small as compared to the variation of
ram—-recovery ratic with angle of sideslip. The smsll variastion of ram—
recovery ratlo with angle of attack was the result of vortices which
formed from the forebody and reduced the boundary-—layer thickness when
the model was at en angle of attack.

Static—Pressure Distribution

It is evident from the static-pressure dlstributlon on the outer
surface of the rounded lip (fig. 16) that the effect of a change in
mass—flow ratio on the air flow around the 1lip of an Inteke 1s similar
to the effect of & change in angle of attack on the eir flow over an )
airfoil, At a mass—flow ratio of 1.6 (where separation did not exist : T
on the outer surface of the 1lip), the static pressures were constant Co
and approximately equal to the free—siream static pressure. As the
mass—Flow ratio was decreased to 1.0, a minimum pressure peak developed
near the leading edge. With a further decrease in mass—flow ratio to
0.4, separation occurred on the outer surface as was indicated by the
increase 1n the minimum static pressure near the leading edge and a
decrease in the pressure coefficlent farther downstreem. The low statlc
pressures that occurred at a mass—flow ratio of 1.0 could adversely
affect the drag of the installation at high subsonic speeds. However,
the 1lip shape can be altered slightly to eliminate these low static
pressures near the leading edge and still retain the originsl pressure—
recovery characteristics (reference 6).

At entrance Mach numbers corresponding to choked flow in the duct,
a complex supersonic flow existed in the duct between 2 and 8 inches
from the leading edge of the intake with the sharp lip (fig. 14). The
meximum local Mach number corresponding to the minimum pressure ratio
of 0.29 in this reglan can be computed as 1.4 if the total—pressure
losses back to this area are neglected (reference 5). For the intake
with the rounded leading edge, existence of supersonic flow In the duct
was indicated by pressure ratios less than 0.53 at the high entrance
Mach numbers in the vicinity of 8 inches from the leading edge (fig. 15).
The maximum local Mach nunber corrésponding to the minimum pressure -
ratio was 1.2. At equivalent entrance Mach numbers, assuming negligible
total—pressure logses, the regions of siupersonic flow extended over a

SRR
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smaller portion of the duct for the initake having a rounded lip than
for the intake having a sharp 1ip.

Drag

The wake drag coefficlent of the forwerd portlon of the fuselage
with the Ilntakeg heving sharp leading edges Increased rapidly with
decreasing mass—flow ratio below a mass—flow ratio of 0.8. Above a
mess~Flow ratio of 1.0 the wake drag coefficlent changed only slightly
(fig. 18). Tuft studies indicated that below & mass—Flow ratio of 0.8
the alr flow separated from the outer surface of the sharp lip at the
leading edge. - This type of alr—Fflow separatlion is common with thin
alrfoils at moderate angles of attack and 13 accompanied by large
increments of drag. Above a mass—flow ratio of sbout 1.0 the reduction
in wake drag coefficlent probably was caused by the thimning of the
fuselage boundary layer behind the Intake as the mass—flow ratio was
increased. For a mass—flow ratio of 0.7, the wake drag coefficient of
the forward portion of the fuselage with the intekes having sharp
leading edges was approximately equal to the wake drag coeffic:.ent of
the corresponding portion of the faired fuselage.

Tuft studlies and an analysis of the pressure dlstribution on the
rounded li1p Indicated that the air Plow separated from the ocuter
surfaece of the lip for mass—{low ré.‘tioé below 0.7. At each mass-flow
ratio of this test the wake drag coefficient of the forward portion of
the fuselage with the intakes having rounded lips was greater than the
wekes drag coefficlent of the forward portion of the fuselage with the
intekes having sharp lips. Above a mass—flow ratio of 0.8 the wake
drag coefficlents of the forward portlon of the fuselsmsge wilth the
intakes having elther the rounded lips or the sharp lips were less than
that of the corresponding portion of the falred fuselsage.

CONCLUSIONS

The following conclusions were drawn from the results of the experi-—
mental Investigation reported herein:

1. For subsonic Mach numbers and high mass—flow retios, the
ram—recovery tratic of. the Intake with the rounded. 1ip was greater than
thet of the intake with the sharp lip.

2. When the alr flow was not separated from the immer surfaces
of the Intake neer 1ts leadling edge, the entrance Mach nurmber for
choking in the duct was spproxlimated by one—dimenslonal isentropic flow

relationships. A%t a constant mmgs—low ratio with no alr—flow

SN R,
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separation from the inner surface of the Intake and up to a choking
Mach number, the ram-recovery ratio was changed very little by
changes in the subsonic entrance Mach number of this investigatian.

3. When the air flow was separated from the inner surface of the
intake near 1ts leading edge, the flow choked at a lower entrance Mach
number then was predicted from isentropilic—flow relatiomships. At a
constant mass—flow ratio for the condition of separated flow, the ram—
recovery ratio decreased with Increasing entrance Mach number.

4, The variation of ram-recovery ratio with angle of attack was
less for the alr—Induction system with the rounded 1lip than with the
sharp lip. ’

5. At mass—flow ratios of 0.8 and above, the weke drag coefficients
of the forward portion of the fuselage with the intskes having either
the rounded lips or the sharp lips were less then that of the corre—
sponding portion of the faired fuselege.

Ames Asronautical Iaboratory,
Nationel Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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APPENDIX
* IDEAL RAM-RECOVERY RATIO AT THE COMPRESSCOR INIET
OF THE AIR—INDUCTION SYSTEM TESTED
The ram-recovery ratio at the compressor inlet of an alr—induction

system is equal to the ram-recovery ratic &t the minimm-erea statlion
minus the losses in the diffuser, thus,

Hsp Hp H-H
30=2_0_2.3 (l)

HoPo HoPo HoPo
For incompressible flow g, = H, — pg, then,
wnofmo(55) (%) @
HoPo Hooo 2 90
If the losses at the entrance of the duct and the losses between
duct stations 1 and 2 asre negligible, as was noted for mass—flow ratios

between 0.2 and 1.2 for the sherp 1lip of reference 2, equgtion (2) be-—
comes

a |
—£20 - 1 —~ (1) 2 (3)
HEqy~Po

HE_HS

where 1 1is the diffuser efficlency 1 —
gz

For incompressible, ﬁdia'ba.tic flow

Va _m

Vo mg
and _

Vi _ As

V= A
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Consequently, equation (3} becomes

z::z =1~ (M)(i—)a(:—j ) (k)

In reference 2, it was noted that the variation of diffuser
efficlency with mass—~flow ratio was smsll, and that the average dif—
fuser efficiency was approximately 0.92. For this diffuser efficiency,
for negligible enfrance losses, and with no separation in the duct, the
varlation of ram—recovery ratio with mass—flow ratio for the instal—
lation tested would be represented by the following equation:

2
E‘i—_pﬂ =1 = 0,091<51_) (5)
Ho—ro 2o '

The parabolic curve :épresenting this equation is plotted in
figure 8 as a dotted line.



NACA RM A51J19a _ SRR, 15
REFERENCES

1. Davis, Wallace F., Edwards, Shermen S., and Brajnikoff, George B.:
Experimental Investigation at Supersonic Speeds of Twln—Scoop
Duct Inlets of Equal Area. IV — Some Effects of Internal Duct
Shape Upon an Inlet Enclosing 37.2 Percent of the Forebody Cir—
cumference. NACA RM AQA31, 19k9,

2. Holzhauser, Curt A.: An Experimental Investigation at Subsonic
Speeds of a Scoop—Type Air—Induction Bystem for & Supersomnic:
Airplane. TNACA RM ASiE2L, 1951.

3. Mossmen, Emmet A., and Randall, Lauros M.: An Experimental In—
vestigation of the Design Variables for NACA Submerged Duct
Entrances. NACA RM ATI30, 19h8.

k. Baals, Donald D., snd Mouwrhess, Mary J.: HNumerical Evelustion of
the Weke—Survey Equatlons for Subsonic Flow Including the Effect
of Energy Addition. NACA ARR TSH27, 1945.

5. Staff of the Ames 1— by 3—Ffoot Supersonic Wind—Tumnel Section:
Notes and Tables for Use in the Analysis of Supersonic Flow.
NACA TN 1428, 1947.

6. Watson, Barl C.: Some Low-Speed Characteristics of sn Air—Induction
System Having Scoop—Type Inlets With Provisions for Boundary—Iayer
Control. NACA RM A51F15, 1951.



16

»

RACA RM A51J019%a

TABIE I. — LOCATION OF FRESSURE CRIFICES

[ Distance Downstream of Duct Station 1 in inches]

Duct Floor

Duct Roof

Outer Surface
of Lip

£8888888388338888 83

SCDO\-F'(»[\JI—'OI'L-!?

NN
CDO\-I—"[\)OODO\!;‘E

(1]
o

0.06%

252
502
1.002

80rifices only on inteke with rounded leading—

edge.



Flgure 1.- The model with the intakes.
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Figure 2-Schematic drawing showing location of duct stations.
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for the infake with the sharp fip.
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(b) Thick, rounded lip (subsonic type).

Figure 5.~ Two of the 1intakes investigated.
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Figure 6.- The intake faired and sealed to form the faired fuselage.
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(b) Plate dividing upper half of fuselage from lower half.

Flgure T.- Apparatus used to determlne wake drag.
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Figure 8—~The variation of ram-recovery ralio with mass-flow
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Figure [2.— Distribution of the ram —recovery ratio in the plane of symmelry
of the minimum - area station for the infake with the sharp ljp. a =0°
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inlet, as viewed looking upstreom. a=0°.
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Figure [3—Concluded.
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